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Effect of HDL and atherogenic lipoproteins on formation of °2
and renin release in juxtaglomerular cells
J GALLE, ALEXANDRA HEINLOTH, SUSANNE SCHWEDLER, and CHRISTOPH WANNER
Department of Medicine, Division of Nephrology, University Hospital of Wurzburg, Germany
Atherogenic lipoproteins stimulate formation of superoxide anion and
renin release in juxtaglomerular cells. Atherogenic lipoproteins and
reactive oxygen species stimulate renin release from isolated juxtaglomer-
ular (JG) cells. Here we assessed whether stimulation of renin release is
mediated by formation of superoxide anion (02), and whether the effects
of oxidized lipoproteins, like in many other biological systems, can be
prevented by the antiatherogenic high density lipoprotein (HDL). Li-
poproteins were prepared from human plasma, and JG cells from mouse
and rat kidneys. Basal renin activity of JG cells was measured in culture
supernatants and cells, and was dose-dependently and significantly stim-
ulated by oxidized LDL (50 and 300 j.g/ml) and by oxidized Lp(a) (1, 10
and 30 jrml). Administration of HDL alone had no effect on renin
release. However, coincubation with 100 .rg/ml HDL significantly sup-
pressed oxidized LDL- and oxidized Lp(a)-stimulated renin release. 02
production of JG cells was directly measured using a chemiluminescenee
assay. Stimulation with it) g/ml oxidized LDL and oxidized Lp(a)
significantly increased the 02 generation of JG cells. In the presence of
5 ig/mL HDL, 02 production was reduced to control levels. These data
indicate that stimulation of JG cells with oxidized LDL and Lp(a) induces
formation of °2, which may stimulate renin release in an autocrine
fashion. Renin release can be prevented by HDL, presumably by prevent-
ing the formation of °2
Renin release from juxtaglomerular (JG) cells is a major renal
contribution to the multilevel regulation of systemic blood pres-
sure. The control of renin release is complex and is influenced by
a variety of pathophysiological factors [1]. Recently, we could
demonstrate that atherogenie lipoproteins, oxidized LDL and
Lp(a), stimulate renin release from isolated mouse JO cells [2].
This is of clinical interest because a subset of patients with
hypertension also exhibits high levels of these atherogenic li-
poproteins. We therefore postulate that the stimulation contrib-
utes to renin-dependent hypertension and cardiovascular disease
in renopai-enchymatous kidney disease.
The mechanism of the oxidized LDL and Lp(a)-induced stim-
ulation of renin release has not yet been folly elucidated. A
possible mediator for this stimulation are reactive oxygen species.
Using the same model with isolated JG cells, we found that
exposure of isolated JG cells to in vitro generated 0 and H202
greatly enhanced renin release [3]. In addition, treatment of JO
cells with catalase and superoxide dismutase prevented stimula-
tion of renin release by atherogenic lipoproteins [2]. Arteries of
hypercholesterolemic rabbits generate increased amounts of 02
[4], and in vitro incubation of isolated arteries with oxidized LDL
or Lp(a) also stimulates 02 formation [5]. Therefore, the
purpose of the present study was to investigate whether oxidized
LDL and Lp(a) stimulate °2 generation in isolated JO cells,
which are modified vascular smooth muscle cells. Such an
generation could, in an autocrine fashion, be responsible for
enhanced renin release. To address this question, we made use of
a chemiluminescence assay with lucigenin as specific detector for
02, which enabled us to directly measure 02 formation of
mouse and rat JG cells in primary culture.
In the recent years, evidence has been provided that high
density lipoprotein (HDL) not only has an antiatherogenic poten-
tial, but that HDL also prevents from damaging influences of
atherogenic lipoproteins on vascular function [6] and from other
cytotoxic influences [7, 8]. Similar effects might occur in the renal
setting. Therefore, another issue of the present study was the
question whether the effects of oxidized LDL and Lp(a) on rejiin
release and oxygen radical generation of isolated JG cells are
modulated by HDL. A possible mechanism for the preventive
effects of HDL is the uptake of cell damaging compounds from
lipoproteins formed during the lipid peroxidation process. We
therefore investigated whether or not coincubation of oxidized
LDL or Lp(a)-stimulated JG cells with HDL prevents the increase
of renin release and the formation of 02 in JO cells.
Methods
Reagents
Melittin, acetyleholine, forskolin, isoprotercnol, superoxide dis-
mutasc (SOD), di-methyl-sulfoxide (DMSO), 4,5 dihydroxy-1,3-
benzene disulfonic acid salt (TIRON), trypan blue, trypsin, dia-
minobenzidine (DAB), lucigenin, bovine serum albumin (BSA),
xanthine, and xanthine oxidase were obtained from Sigma (Mu-
nich, Germany). Collagenase was obtained from Boehringer
(Mannheim, Germany). Forskolin was dissolved in DMSO and
further diluted in buffer I of the following composition: 130 m'vi
NaCl, 5 mivi KCI, 2 mM CaC12, 10 m glucose, 20 m sucrose, 10
mM HEPES (Boehringer, Mannheim). All other drugs were
dissolved in distilled water and also further diluted in buffer.
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Isolation of LDL, HDL, and Lp(a)
Human LDL, HDL and Lp(a) were isolated as described
recently [9]. An Lp(a) enriched regeneration fluid was obtained
from a single patient treated regularly with an LDL-apheresis
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system based on heparin-induced extracorporeal LDL-precipita-
tion (H.E.L.P.; Braun Melsungen, Melsungen, Germany). The
serum Lp(a) concentration of the patient varied between 180 and
200 mg/dl before the H.E.L.P. treatment and decreased by 70%
during LDL-apheresis. The regenerate fluid was ultracentrifuged
first at a density of 1.065 g/ml, then at 1.120 g/ml, and finally
subjected to density gradient ultracentrifugation. Lp(a) was then
purified using sephadex G-25 M gel chromatography and lysine-
sepharose 4B chromatography and dialyzed extensively against
150 mi NaC1, 1 mivi EDTA (pH 7.4). Lp(a) was analyzed for
purity by 0.6% agarose gel electrophoresis as well as by 4%
SDS-poiyacrylamide gel electrophoresis.
Protein content of lipoproteins was measured as described by
Lowiy et al [10], and the lipoprotein concentrations always given
as .tg protein per ml solution.
Oxidation of Lp(a) and LDL
Lp(a) and LDL were oxidized as described recently [5]. Briefly,
antioxidant-free LDL or Lp(a) (0.3 mg protein/mi) were incu-
bated with CuSO4 (5 M) in phosphate buffered saline for 24
hours at 23°C. The degree of oxidation was quantified by two
different methods: (i) the increase in relative mobility on agarose
gel, indicating an enhanced negative charge of oxidized lipopro-
tein, and (ii) the formation of thiobarbituric acid-reactive sub-
stances (TBARS) [11]. Homogeneity of lipoproteins was tested by
agarose gel electrophoresis (REP-HDL-plus cholesterol electro-
phoresis; Helena Diagnostika, Hartheim, Germany). The relative
mobility of oxidized LDL and oxidized Lp(a) on agarose gel
electrophoresis as an index for lipoprotein oxidation was 1.4 to 1.7
compared with native LDL and native Lp(a), respectively. Levels
of TBARS, determined in samples containing 0.3 mg lipoprotein
per ml, were 0.2 0.01 tM in native LDL, 0.2 0.01 jM in native
Lp(a), 3.4 0.8 JSM in oxidized LDL, and 4.8 1 !.tM in oxidized
Lp(a). Lp(a) was stored at room temperature in the dark because
of the tendency of low molecular weight Lp(a) to form a gel by
self-association in the cold. Lipoproteins were prepared fresh
every two weeks. During this period apo(a) isoforms and apoli-
poprotein B were intact and not degraded.
To determine whether any effects of oxidized LDL or oxidized
Lp(a) were specific, we exposed another serum protein, BSA, and
also HDL, to exactly the same pro-oxidative conditions as the
atherogenic lipoproteins.
Preparation and primary culture of mouse JG cells
Preparation of mouse or rat JG cells was performed as de-
scribed recently [2]. After sacrifice of the animals (6- to 8-week-
old mice of either sex, strain C57B16) by cervical dislocation, the
kidneys were removed, decapsulated, and minced with a rasor
blade. For a typical preparation, six kidneys were used. The
minced tissue was incubated for 70 minutes at 37°C and pH 7,4
under continuous stirring in buffer I supplemented with 0.25%
trypsin and 0.1% collagenase. Single cells were obtained by sifting
the cell suspension over a 22 jsm mesh. The cells collected after
centrifugation at 1,500 >< g for 10 minutes were washed with buffer
and mixed with 60 mL of a 30% isoosmotie Percoll solution
(Pharmacia, Freihurg, Germany) and distributed into two centrif-
ugation vials. After centrifugation at 27,000 x g in a SS34 Sorvall
rotor for 25 minutes, four apparent bands were obtained. Band III
cells (density 1.075 g/ml) contained the highest specific renin
activity (twofold as compared with hand 11, and 64-fold as
compared with band I) and were used for primary culture. These
cells were cleaned from Percoll by washing with buffer and finally
suspended in culture medium (RPMI 1640; Gibeo BRL, Eggen-
stein, Germany). The culture medium was supplemented with 100
U/mI penicillin, 0.66 U/mI insulin, 100 jsg/ml streptomycin, and
2% dialyzed fetal bovine serum (Gibeo BRL). Three milliliters of
culture medium containing approximately 3 x 106 cells were
distributed in 50 pJ portions into 96-well plates (Falcon, NJ, USA)
and incubated at 37°C in a cell incubator (Heraeus, Stuttgart,
Germany) containing 5% CO2 in a humidified athmosphere. For
renin immunostaining, the cells were seeded onto glass cover slips
coated with 0.1% collagen (Seromed, Berlin, Germany) and
placed in 24-well plates (Falcon).
Renin immunostaining
Immunoperoxidase staining of formaldehyde-fixed renin con-
taining cells in culture was carried out as described recently [2]
with rat antiserum against mouse renin (final dilution 1:200; gift of
Prof. A. Kurtz, Regensburg, Germany) on the second day of
primary culture. Peroxidase activity was demonstrated by incuba-
tion with DAB solution (0.6 mg DAB/mI Tris buffer, pH 7.6).
Immunostaining was visualized by light-microscopy (Leitz, Wet-
zlar, Germany). Almost all cells stained positively for renin when
the specific antiserum against mouse renin was used. When
normal rabbit serum instead of the specific antiserum was used as
control, no cells stained positively (not shown).
Experimental design
JG cells were stimulated with melittin (0.1 to 10 j.tM), forskolin
(1 to 100 jsM), isoproterenol (1 to 100 sM), native or oxidized
LDL (50 and 300 jig/mi), and native or oxidized Lp(a) (1, 10, and
30 jsg/ml), in the absence or presence of HDL (100 jig/mI)
between the 20th and 40th hours of culturing after their plating in
96 well plates. HDL and oxidized LDL or oxidized Lp(a) were
mixed together 24 hours prior stimulation of JG cells to enable
potential exchange of oxidation products between oxidized Ii-
poproteins and HDL [6]. At the end of the stimulation periods the
supernatants and the cells were harvested. To exclude unspecific
effects caused by trace amounts of Cu ', control experiments
were performed with 5 j.tM CUSO4 added to the JG cells. CUSO4,
however, was without effect on renin release. In order to specify
the effect of HDL, another series of control experiments was
performed with coincubation of JG cells with native LDL or Lp(a)
instead of HDL in an otherwise unchanged protocol.
Renin activity was determined both in the supernatants and in
the cells. In each experiment, four separate wells treated identi-
cally with the lipoproteins, melittin or forskolin were tested for
viability by exclusion of trypan blue using a blinded protocol. At
the end of the incubation periods, all cell preparations completely
excluded trypan blue except those treated with 30 pg/mI oxidized
Lp(a). In those preparations, about 15% of the cells showed
uptake of the stain. This uptake could be prevented by additional
treatment with MDL.
Determination of renin activity
Renin activity in terms of its ability to generate angiotensin I
from angiotensinogen was detected by radioimmunoassay using a
commercially available kit (Sorin, Saluggia, Italy). Plasma of
bilaterally nephrectomized rats rich in angiotensinogen served as
substrate for active renin [12]. For quantitative comparison of
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data, renin release rates were calculated as the percentage of
extracellular renin activity related to the total (intracellular +
extracellular) renin activity. Extracellular renin activity was deter-
mined in the cell supernatants after collection from the 96 well
plates at the end of the incubation periods. To determine the
intracellular content of renin activity, the supernatant culture
medium was thoroughly removed from the culture plates at the
end of the incubation periods. In order to lyse the JG cells, 100 jxl
of phosphate buffered saline supplemented with 0.1% Triton
X-100 and 2% fetal calf serum (Gibco BRL) was added to each
dish, followed by a 15 minute incubation period at 37°C. After
shaking the plates for 30 minutes at room temperature, the
solutions were removed, centrifuged at 3,500 x g for 20 minutes,
and the supernatants were collected and stored at —20°C for
further processing.
Detection of lucigenin-chemiluminescence as a parameter for
02 generation
Detection of chemiluminescence was carried out as described
recently by Ohara, Peterson and Harrison [4] in a scintillation
counter with a single photomultiplier tube (LUMAT LB 9501/16;
Berthold, Wildbad, Germany). To calibrate the assay and to
calculate the 02 concentration [pmol 02/minutej from chemi-
luminescence counts/second, we induced O2 generation in a cell
free system by the xanthine/xanthine oxidase reaction. Lucigenin
(0.25 mM) as indicator for 02 formation and xanthine (1 to 6
jxmol/liter) were dissolved in a final volume of 2 ml Krebs-Hepes
buffer of the following composition (in mmol/liter): NaCl 118, KCI
4, CaCl 2.6, MgCI2 1, KH2PO4 1.2, NaHCO3 24, glucose 5,
Pyruvat 2, Na-Hepes 20.0; initially gassed with 95% °2 and 5%
CU2, pH 7.4. This solution was transferred to scintillation vials
and counted at one minute intervals. 02 generation was induced
by addition of xanthine oxidase (0.002 U). To correct for back-
ground, counts obtained before addition of xanthine oxidase were
subtracted from counts obtained after addition. To determine the
specificity of this assay, we added SOD (10 U/mI) or the O2
scavenger 4,5 dihydroxy-1,3-benzene disulfonic acid salt (TIRON,
10 mmol/liter) to the xanthine/xanthine oxidase solution. SOD
and TIRON blunted the signal obtained by xanthine/xanthine
oxidase. Calibration was performed by correlation of the xanthine/
xanthine oxidase-induced chemiluminescence signal (counts/sec-
ond) with the photometrically detected reduction of cytochrome c
in the presence of xanthine/xanthine oxidase, according to the
formula: delta absorbance(550 = 21.1 X concentration O2
[13].
In order to determine chemiluminescence elicited by JG cells
treated with Lp(a) or LDL, approximately 2 >< 106 cells in 2 ml of
Krebs-Hepes buffer supplemented with 2% FCS and 10 j.tmol/liter
NADPH were transferred into an incubation vial and incubated
for 40 minutes at 37°C in a cell incubator (Heraeus, Stuttgart,
Germany) with 5% CO2 in a humidified athmosphere. 2 1<106
cells corresponded to approximately 0.4 mg protein (determined
with a protein assay kit from Sigma). For stimulation of the cells,
10 jxg/ml oxidized LDL or Lp(a) or its buffer as control were
added to the incubation vial. The incubation was carried out
either in the presence or the absence of HDL (5 itg/ml), mixed
with the oxidized lipoproteins 24 hours prior stimulation of the
cells. Thereafter the cells were centrifuged for 10 minutes at
1,500 >< g, resuspended in Krebs-Hepes buffer, and transferred to
Table 1. Twenty hour renin release (% of total) from mouse
juxtaglomerular cells after stimulation with forskolin, isoproterenol, and
mclittin
Forskolin Isoproterenol Melittin
Basal 24 1.4% 24 1.1% 24 1.6%
0.1 p.M — — 39 2.3%°
I p.M 34 1.4%° 28 l.8% 59 1.7%
10 I.LM 43 1.3%a 43 l.7% 89 0.5%
100 /LM 43 0.9%° 53 2.0%" —
Renin release of cultured juxtaglomerular cells was calculated as a
percentage of extracellular renin activity compared to total renin activity
after 20 hours of incubation with buffer (basal) or different concentrations
of forskolin, isoproterenol, and melittin. Data are mean SE of four
independent experiments, each representing 5 replicate wells.
Statistically significant difference between basal renin release and
stimulated renin release at P < 0.05
the scintillation vials containing 0.25 msi lucigenin in a final
volume of 2 ml. Counts were obtained at one-minute intervals at
room temperature. To correct for background, counts obtained
from vials containing all components with the exception of the JG
cells were subtracted from these signals.
Since the number of mouse kidneys needed for a single
chemiluminescence experiment was relatively high (—-5 kidneys
for 2 x 106 cells in a single scintillation vial), we prepared JG cells
from rat kidneys which yielded a 15-fold higher JG cell number
per kidney. Single experiments demonstrated that stimulation of
02 generation did not differ between mouse and rat JG cells.
Therefore, 02 generation experiments were performed with JG
cells prepared from rats.
Statistics
Data in Tables 1 and 2 and in Figures 1 and 2 are presented as
means SE of N experiments, each experiment representing the
mean of five replicate culture wells. Statistical significance of
differences in Tables I and 2 and in Figures 1 and 2 was calculated
using analysis of variance. Data in Figures 4, 5, and 6 are
presented as means SE of N experiments, and statistical
difference was determined using one way of variance. For multiple
comparison of data, Bonferroni's correction was applied. Differ-
ences were considered significant at an error probability of P <
0.05.
Results
Renin release
Basal and melittin-, forskolin-, or isoproterenol-stimulated renin
release. Renin release of JG cells, determined as the percentage of
extracellular renin activity compared to the total renin activity
after 20 hours of incubation, was 24 1% of total renin activity
under basal, unstimulated conditions. Stimulation of the cells with
melittin (0.1 to 10 jiM), isoproterenol (Ito 100 j.tM), or forskolin
(1 to 100 jiM) concentration-dependently increased the renin
release (Table 1).
E/fects of LDL and Lp(a) on renin release. Stimulation of JG
cells for 20 hours with native LDL (50 and 300 jig/mI) or native
Lp(a) (10 and 30 jig/mI) had no effect on renin release. However,
when the cells were stimulated for 20 hours with oxidized LDL (50
and 300 j.tg/ml) and oxidized Lp(a) (1, 10, and 30 p.g/ml), renin
release was dose-dependently and significantly increased (Table
2).
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Table 2. Twenty hour renin release (% of total) from mouse
juxtaglomerular cells after stimulation with native or oxidized LDL
and Lp(a)
Native
LDL
Oxidized
LDL
Native
Lp(a)
Oxidized
Lp(a)
Basal 26 1.2% 24 1.3% 25 1.1% 24 1.5%
1 g/ml — 33 1.2%"
10 jLg/ml — — 26 1.2% 42 0.6%"
30 jig/mI — — 28 1.3% 71 1.6%"
50 jig/mi 28 1.1% 34 1.2%*
300 jig/mI 28 1.3% 43 0.7%*
Renin release of cultured juxtaglomerular cells was calculated as a
percentage of extracellular renin activity compared to total renin activity
after 20 hours of incubation with buffer (basal) or different concentrations
of native or oxidized LDL and Lp(a). Data are means SE of four
independent experiments, each representing 5 replicate wells.
"Statistically significant difference between basal renin release and
stimulated renin release at P < 0.05
Influence of HDL on oxidized LDL- and Lp(a)-stimulated renin
release. HDL (100 jig/mI) alone had no effect on renin release of
JG cells. The presence of HDL, however, prevented the stimula-
tory influence of oxidized LDL (50 and 300 jig/mi; Fig. 1).
Similarily, HDL almost completely prevented stimulation of renin
release induced by 10 and 30 jig/mI oxidized Lp(a) (Fig. 2).
HDL had no influence on renin release induced by melittin,
isoproterenol, or forskolin (data not shown).
Specificity of the stimulation of renin release by LDL and Lp(a)
and of the protection by HDL. To analyze whether the stimulation
of renin release is specific to oxidized LDL and oxidized Lp(a),
and whether the protection of the stimulation is specific to HDL,
we performed a series of control experiments. JG cells were
stimulated with BSA (300 jig/mI) which was exposed to exactly the
same pro-oxidative conditions as the atherogenic lipoproteins.
However, "oxidized" BSA did not increase renin release (data
obtained from 10 replicate wells of 2 independent experiments).
Stimulation of the JG cells with HDL (300 jig/mI) after exposure
to the pro-oxidative conditions did also not alter renin release
(data obtained from 15 replicate wells of 3 independent experi-
ments).
To specify the protective effect of HDL, we tested whether
oxidized LDL- or Lp(a)-stimulated renin release could he pre-
vented by native LDL (300 jig/mI) or by native Lp(a) (30 jig/mI).
However, neither native LDL nor native Lp(a) could prevent
stimulation of renin release induced by the oxidized atherogenic
lipoproteins [oxidized LDL vs. oxidized LDL + native LDL, 38
1% vs. 35 1%; oxidized Lp(a) vs. oxidized Lp(a) + native Lp(a),
65 2% vs. 70 2%; data are given as 20 hours renin release (%
of total) and are obtained from 15 replicate wells of 3 independent
expcrimentsl.
We also investigated whether HDL loses its protective effect
after oxidative modification. FIDL exposed to the same pro-
oxidative conditions as the atherogenic lipoproteins had almost
the same effect on oxidized LDL- or Lp(a)-stimulated renin
release as native HDL [oxidized LDL + native HDL vs. oxidized
LDL + "oxidized" HDL, 23 1% vs. 28 1%; oxidized Lp(a) +
native HDL vs. oxidized Lp(a) + oxidized HDL, 33 2% vs. 38
2%; data are given as 20 hours of renin release (% of total) and
are obtained from 15 replicate wells of 3 independent experi-
ments]. However, HDL exposed to the same pro-oxidative condi-
tions as the atherogenic lipoproteins was only minimally modified,
since the electrophoretic mobility on agarose gel as parameter for
lipoprotein oxidation increased only by 5%, and TBARS levels
increased only from 0.2 0.01 jiM to 0.5 0.02 jiM.
02 generation
Formation and calibration of 02 generation in a cell free system.
02 - generation was detected by chemiluminescence of lucigenin
in a scintillation counter. To calibrate the system and to calculate
02 generation as M 02 /minute from counts/second, we in-
duced 02 generation in a cell free system by addition of xanthine
oxidase (0.002 U/mi) to xanthine- and lucigenin-containing scin-
tillation vials. Addition of xanthine oxidase resulted in a rapid
increase of the chemiluminescence signal, depending on the
concentration of xanthine. Chemiluminescence could he com-
pletely prevented by SOD or TIRON (not shown). Calibration
with the photometrically detected reduction of cytochrome c in
the presence of xanthine/xanthine oxidase revealed that 10,000
counts/second corresponded to generation of 18.4 pmol 02 7mm
(Fig. 3).
02 generation in JG cells treated with LDL or Lp(a) in the
presence and absence of HDL
The chemiluminescence signal obtained from JG cells under
basal conditions and after treatment with oxidized LDL or
oxidized Lp(a) is shown in Figure 4. Under basal conditions, JG
cells produced a stable signal corresponding to approximately 90
pmol 02 1mm/mg protein. The 02 scavenger TIRON com-
pletely blunted the chemiluminescence signal (not shown).
Stimulation with oxidized LDL (10 jig/mi) or oxidized Lp(a)
(10 jig/ml) significantly increased the 02 generation. In this
respect, oxidized Lp(a) was significantly more potent than oxi-
dized LDL. The lipoprotein concentration was chosen because,
under these experimental conditions, higher concentrations of
oxidized LDL or Lp(a) did not further increase the chemilumi-
nescence signal (data not shown). Therefore, we also used a lower
concentration of HDL to keep the ratio LDL and Lp(a) versus
HDL in a physiological range. The presence of 5 jig/ml HDL
significantly prevented the stimulation of °2 generation induced
by oxidized LDL (Fig. 5) and by oxidized Lp(a) (Fig. 6).
Treatment of JG cells with native Lp(a) or native LDL (10 and
30 jig/ml, respectively) and HDL (5 jig/mI) had no influence on
the chemiluminescence signal (data not shown). Stimulation of
the JG cells with HDL (5 jig/ml) after exposure to the pro-
oxidative conditions did also not alter the chemiluminescence
signal (data not shown).
Discussion
The present investigation directly demonstrates that oxidized
lipoproteins induce generation of 02 and renin release in
isolated mouse JG cells. Both renin release and generation of 02
can he prevented by HDL. In a recent study, we have shown that
exogenously applied reactive oxygen species stimulate renin re-
lease in this experimental model [31. We therefore suggest that
generation of 02 induced by oxidized lipoproteins is an auto-
crine stimulus for renin release, and that MDL prevents stimula-
tion of renin release by preventing formation of 02.
The potential influence of atherogenic lipoproteins on renin
release is of interest for the understanding of renin-dependent
hypertension in renoparenchymatous kidney disease for various
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reasons. Atherogenic lipoproteins are present not only in the
circulating bloodstream, but also in the arterial wall, where they
accumulate and are prone to oxidative modification [14, 151.
Therefore, atherogenie lipoproteins could influence renin release
either in their native form, originating from the blood stream, or
after oxidative modification, originating from subintimal deposits
neighboring JG cells. Interestingly, a subset of patients with
hypertension exhibits high levels of atherogenic plasma lipopro-
teins [161. Furthermore, dyslipidemia is the most common meta-
bolic disorder in patients with renal disease. It is qualitatively
detectable on the apolipoprotein level as early as renal function
declines and is found in virtually all patients with advanced renal
disease [17, 18]. Dyslipidemia is expressed in different quantity
and quality according to the severity of proteinuria, concomitant
diseases, drugs, and is influenced later during the course of the
disease by the renal replacement therapy itself [191. Most often
high serum levels of the apolipoprotein-B-containing lipoprotein
components very low density lipoprotein, intermediate density
lipoprotcin, LDL and Lp(a) are found in patients with moderate
to severe proteinuria as well as the nephrotic syndrome [20]. It is
likely that a biological system of such a variety and ubiquity may
profoundly modulate biological responses either by acting
through receptor mediated mechanisms, including the non-satu-
rable scavenger receptor pathway, or by directly influencing
flu
Galle et al: Lipoproteins, oxygen radicals, and renin release 257
Fig. 1. Bar graph showing the effect of HDL
(100 ig/ml) on basal renin release and on renin
release stimulated by oxidized LDL in cultured
juxtaglomerular cells. Renin release wasØJ calculated as a percentage of extracellular renin
activity compared to total renin activity after 20
hours of incubation with buffer (basal, ),
HDL (100 g/ml, Ill), isoproterenol (10 Lmol/
_________
liter, ), melittin (1 j.Lmol/liter, U), oxidized
— LDL (50 and 300 p.g/ml, ), and oxidized LDL
in the presence of HDL (100 g/ml, Ill). HDL
significantly prevented stimulation of renin
o release induced by oxidized LDL. *statistically
significant difference between oxidized LDL-
stimulated renin release in the presence and
9 absence of HDL at P < 0.05. Data are
means SE of four independent experiments,
o each representing 5 replicate wells.
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Fig. 2. Bar graph showing the effect of HDL* (100 pg/mI) on basal renin release and on renin
release stimulated by oxidized Lp(a) in cultured
juxtaglomerular cells. Renin release was
calculated as a percentage of extracellular renin
activity compared to total renin activity after 20
hours of incubation with buffer (basal), HDL
(100 g/ml), isoproterenol (10 j.tmol/liter),
melittin (1 jzmol/liter), oxidized Lp(a) (10 and
30 rg/ml), and oxidized Lp(a) in the presence
of HDL (100 jsg/ml). HDL significantlyI prevented stimulation of renin release induced
+ by oxidized Lp(a). *statistically significant
difference between oxidized Lp(a)-stimulated
renin release in the presence and absence of
HDL at P < 0.05. Data are means SF of four
independent experiments, each representing 5
replicate wells.
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Fig. 5. Time course of the 02 generation in untreated rat JG cells (0) and
in JG cells treated with 10 pg/mi oxidized LDL, in the presence (7) or
absence () ofHDL (5 pg/mI). HDL significantly prevented the oxidized
LDL stimulated O2 generation. Data are means SE of 4 independent
experiments.
0
0)
E
L.00
0
E0.
Fig. 4. Time course of the °2 generation in untreated rat JG cells (0) and
in JG cells treated with 10 pg/mI oxidized LDL (LI) or with 10 p.g/rni oxidized
Lp(a) (c). Oxidized LDL and oxidized Lp(a) significantly stimulated 02
generation of JG cells. Data are means so of 6 independent experi-
ments.
Fig. 6. lime cowse of the O, generation in untreated ratiO cells (0) and
in JO cells treated with JO pg/mi oxidized Lp(a), in the presence (7) or
absence (LI) ofHD1. (5 pg/mi). HDL significantly prevented the oxidized
Lp(a) stimulated °2 generation. Data arc means SE of 4 independent
experiments.
teins. Therefore, it was one aspect of the present study to further
investigate the role of oxygen radicals in the stimulatory mecha-
nism. For this purpose, we made use of a chemiluminescence
assay with lucigenin as a specific detector for 02. With this
method, we could directly detect 02 generation from isolated JO
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cellular interaction, matrix production and degradation, adhesion
processes and so forth.
The salient finding in our first report on the effects of lipopro-
teins on renin release was that the native forms of the lipoproteins
were without influence, but that oxidized LDL and oxidized Lp(a)
stimulated renin release [21. The stimulating effect of the oxidized
lipoproteins was blunted by superoxide dismutase and by catalase.
These enzymes prevent accumulation of O, and of H20.,,
reactive oxygen species which stimulate renin release in this
experimental setup when applied exogenously [3]. Hence, we
provided indirect evidence for the involvement of reactive oxygen
species in the stimulation of rcnin release by oxidized lipopro-.
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cells after stimulation with oxidized lipoproteins. In this respect,
oxidized Lp(a) was more potent than oxidized LDL, an observa-
tion that correlates well with the more potent stimulation of renin
release by oxidized Lp(a), and with data obtained with isolated
arteries [5].
In recent years, interest has focused on the role of reactive
oxygen species in the renal setting. Reactive oxygen species are
produced at high rates in a variety of inflammatoiy and non-
inflammatory kidney diseases such as glomerulonephritis, post-
ischemic and toxic acute renal failure, obstructive nephropathy,
pyelonephritis, and progressive renal failure. Sources for reactive
oxygen species in the kidney are resident renal cells, in addition to
polymorphonuclear neutrophils and other circulating cells [211.
Reactive oxygen species are part of the renal defense mechanisms,
such as against microbes, but their formation may also contribute
to the damage of renal tissue. For example, 02 reacts rapidly
with nitric oxide to form peroxynitrite (0N00) [221. Formation
of peroxynitrite may lead to hydroxyl radical production, a potent
cytotoxic agent [23]. Recent studies indicate that 02 formation is
enhanced in arteries of hypercholesterolemic animals [4, 24],
leading to defective endothelial function, and Lp(a) has been
shown to induce formation of oxygen free radicals in human
monocytes [251 and in isolated arteries [51 Production of O2
could directly be measured in rat glomeruli [26] and in human
monocytes [25] after stimulation with Lp(a). Thus, the oxidized
lipoprotein-induced formation of reactive oxygen species may be
a general phenomenon.
The mechanism of this stimulation has not been determined
yet. The fact that only oxidized, but not native lipoproteins had a
stimulatory capacity hints to the lipid peroxidation process itself.
A potential pathway is the stimulatory influence of lipid peroxi-
dation products on cellular 02 generating enzymes. During the
lipoprotein oxidation, various more or less stable products are
formed, including lysophosphatidylcholine, aldehydic lipid peroxi-
dation products, and fatty acids produced by phospholipase A2
[27—29]. Lysophosphatidylcholine has been shown to increase 02
production in vascular smooth muscle cells via stimulation of
protein kinase C [30]. A similar mechanism may take place in
juxtaglomerular cells, which are modified smooth muscle cells
[31]. Alternatively, fatty acids produced by a phospholipase A2
activity (which is increased during lipoprotein oxidation [271)
might stimulate NADPH and NADH oxidases. This has been
shown in cultured vascular smooth muscle cells [321, and might
also take place in smooth muscle cells.
The prevention of cell damaging effects of oxidized lipoproteins
by HDL is not restricted to the experimental setup presented in
this study, but has also been demonstrated in various other
models. For example, HDL has been shown to reverse the
inhibitory effect of oxidized LDL and oxidized Lp(a) on cndothe-
hum-dependent arterial relaxation [6, 9, 33], and it restored the
nitric oxide synthase activity in human neutrophils treated with
oxidized LDL [34]. Furthermore, HDL protects against the
induction of inflammatory responses induced by minimally oxi-
dized LDL in the arterial wall [351, and reverses the effect of
oxidized LDL on nitric oxide synthase expression in human
platelets [8]. The preventive effect of HDL on cellular effects
induced by oxidized lipoproteins may be explained by the uptake
of oxidation products by HDL. For example, HDL takes up
cholesteryl esters [36] and lysophosphatidylcholine [61 from oxi-
dized LDL. HDL takes up compounds that potentially stimulate
02 generation, and may thereby prevent both increased 02
generation and renin release. In line with this interpretation is the
observation that the protective effect was specific to HDL, inas-
much as native LDL or native Lp(a) could not prevent the
stimulation of renin release induced by oxidized atherogenic
lipoproteins. Interestingly, minimal oxidation of HDL only slightly
diminished its protective capacity.
In conclusion, this study demonstrates that stimulation of JG
cells with oxidized LDL and Lp(a) induces formation of 02,
which may stimulate renin release in an autocrine fashion. This
stimulation may contribute to renin-dependent hypertension and
cardiovascular disease in renoparenchymatous kidney disease.
Renin release can be prevented by HDL, presumably by prevent-
ing the formation of 02.
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